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Abstract 

Background: Previous research suggests that children born prematurely or with a low birth weight are more 
vulnerable to the mental health effects of ambient neighbourhood noise; predominantly road and rail noise, at 
home. This study used data from the Road Traffic and Aircraft Noise Exposure and Children's Cognition and Health 
(RANCH) study to see if this finding extends to aircraft and road traffic noise at school. 

Methods: Children and their parents from schools around three European airports were selected to represent a 
range of aircraft and road traffic noise exposure levels. Birth weight and gestation period were merged to create a 
dichotomous variable assessing 'early biological risk'. Mental health was assessed using the Strengths and 
Difficulties Questionnaire (SDQ). Complete data were available for 1900 primary school children. 

Results: Children who were 'at risk' (i.e. low birth weight or premature birth) were rated as having more conduct 
problems and emotional symptoms and poorer overall mental health than children not at risk. However, there was 
no interaction between aircraft or road traffic noise exposure at school and early biological risk. 

Conclusions: Data from the RANCH study suggests that children with early biological risk are not more vulnerable 
to the effects of aircraft or road traffic noise at school on mental health than children without this risk; however 
they are more likely to have mental ill-health. 

Keywords: Aircraft noise road traffic noise, low birth weight, premature, psychological distress, mental health, SDQ 



Background 

Noise pollution levels, particularly from aircraft are 
expected to increase in the United States of America [1] 
and it is estimated that in Europe approximately 80 mil- 
lion people are living in areas where the noise levels 
exceed those recommended [2]. Research regarding 
noise pollution has shown associations between noise 
and auditory problems [3] as well as non-auditory health 
problems [4,5] including mental health [6] and cognitive 
development [7-9]. Children may be particularly vulner- 
able to the effects of noise because they may have less 
cognitive capacity to understand environmental issues 
and anticipate stressors and they may lack appropriate 
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coping strategies to deal with noise [10,11]. Additionally, 
noise may interfere with learning at a critical develop- 
mental stage [7]. 

The RANCH study is the largest epidemiological study 
to date to look at the effects of aircraft and road traffic 
noise at school on cognition and health in children 
[4,7,8]. The findings from the RANCH study regarding 
associations between aircraft and road traffic noise at 
school and mental health have been reported elsewhere 
[12]. They showed that aircraft noise at school was asso- 
ciated with increased parent-rated hyperactivity, and 
unexpectedly that road traffic noise at school was asso- 
ciated with reduced parent-rated conduct problems. 
Emotional problems, peer problems and prosocial beha- 
viour were not related to noise levels at school. 

One particularly important question regarding the 
relationship between noise and mental health is whether 
there is a differential pattern of effect within the 
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population. Lercher et al. [13] found an interaction 
between early biological risk and ambient neighbour- 
hood noise (predominantly road and rail noise at home) 
in children such that children who were born prema- 
turely or were of a low birth weight reported more men- 
tal health problems than those without this early 
biological risk. In their study ambient neighbourhood 
noise was estimated for the child's home address, how- 
ever, a large part of a child's day is spent at school 
where they may also be exposed to environmental noise. 
It is therefore possible that the moderating effect of 
early biological risk found by Lercher et al. may also 
exist for the relationship between noise exposure at 
school and mental health. 

Lercher et al.s [13] measure of ambient neighbour- 
hood noise was calculated by modelling sources of noise 
from rail, highway and local main roads and then 
adjusting for Ldn (day-night averaged sound level) mea- 
surements taken at certain sites. It is therefore an aggre- 
gated measure of environmental noise exposure. The 
RANCH study has data available for aircraft and road 
traffic noise at school making it possible to look at the 
individual contributions of noise from these sources to 
the effect of early biological risk on mental health. 

The aim of this study is to investigate whether early 
biological risk moderates the relationship between road 
traffic noise or aircraft noise at school and mental health. 
To assess this, the model used to analyse the association 
between aircraft and road traffic noise at school and 
mental health in the RANCH study [12] will be further 
adjusted by adding in interaction terms between early 
biological risk and aircraft noise and road traffic noise at 
school. We hypothesise that early biological risk will 
moderate the relationship between both aircraft noise 
and road traffic noise at school and mental health. 

Methods 

Sampling and Design 

Data for this paper were taken from the RANCH project 
[7,8], a cross-sectional epidemiological field study. 
Schools around major airports in three European coun- 
tries (Schiphol in Amsterdam, the Netherlands; Barajas 
in Madrid, Spain and Heathrow in London, United 
Kingdom) were classified in terms of noise exposure on 
a four-by-four grid ranging ordinally from low to high 
for aircraft noise and low to high for road traffic noise. 
For each of the 16 noise exposure grid cells, two schools 
in Spain and the United Kingdom and one school in the 
Netherlands was selected and, within schools, mixed- 
ability classes of boys and girls aged nine to ten years 
were selected to take part. No children were excluded 
from the selected classes. In total 2279 children and 
their parents participated in the study from 89 schools. 
The overall child response rate for the study was 89%. 



In order to make comparisons between models for the 
current analyses, subjects with missing values were not 
included, thus the subsample consisted of 1900 children 
(Netherlands = 558, Spain = 559, United Kingdom = 
783; Males = 897, Females = 1003). There was evidence 
that participants with missing data were more likely to: 
have unemployed parents (p < .001), have parents who 
are not home owners (p < .001), not speak the main lan- 
guage of the country (p < .001), have a mother with 
lower educational attainment (p < .001), be from an 
non-crowded home (p < .001). 

Procedure 

Children who were selected took part in a two hour 
testing session one day at school. After this they took 
home a questionnaire for their main carer to complete. 
Written consent was obtained from both parents and 
the children. Ethical approval was obtained in each 
country [7]. 

Measures 

Mental Health Assessment 

Mental Health was measured using the parent-rated ver- 
sion of the Strengths and Difficulties Questionnaire 
(SDQ) and was included as part of the questionnaire 
taken home by the child for their main carer. The SDQ 
is a 25 item behavioural screening questionnaire consist- 
ing of five subscales (emotional symptoms, conduct pro- 
blems, hyperactivity/inattention, peer relationship 
problems and prosocial behaviour) that can be analysed 
separately or summed to create a total SDQ score [14]. 
The total score and three subscales (emotional symp- 
toms, conduct problems and hyperactivity) were ana- 
lysed in separate models. Scores on the subscales range 
from zero to ten and scores on the total SDQ scale 
range from 0-40 (the 5 th scale, prosocial behaviour is 
not included when calculating the total SDQ score), 
where a higher score indicates poorer mental health. 
The SDQ can also be split into 'normal', borderline' and 
'abnormal' categories using certain cut off points, where 
children in the abnormal category are classed as 'cases' 
of psychological distress. This is not a diagnostic tool 
but can be used to identify children that are likely to 
have mental health disorders. 
Early Biological Risk Assessment 

Information regarding the child's birth weight and gesta- 
tion period was obtained through the questionnaire 
taken home by the child for their main carer. A dichoto- 
mous variable 'early biological risk' corresponding to the 
construct Lercher et al. [13] used was created. Partici- 
pants who were born prematurely (before 36 weeks) or 
had a low birth weight (under 2500 g) or both were 
coded as 'at risk' and those who were not in either of 
these categories were coded as 'no risk'. 
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Road Traffic and Aircraft Noise Exposure Assessment at 
School 

Noise was a continuous measure calculated for each 
school in dB (A) (A-weighted decibels, where A- 
weighted means that the sound pressure levels in var- 
ious frequency bands across the audible range have been 
weighted in accordance with differences in human hear- 
ing sensitivity at different frequencies) where aircraft 
noise was based on 16-hour outdoor LAeq contours 
(continuous equivalent sound level of aircraft noise 
within an area from 07:00 to 23:00 within a specified 
period) and road traffic noise was derived from mod- 
elled data for the Netherlands and from a combination 
of modelling the proximity to motorways, major roads, 
and minor roads; traffic flow data; and noise measure- 
ments taken at the facade of the school building for the 
United Kingdom and Spain [15]. In order to reduce the 
impact of other environmental noise sources, schools 
which were exposed to dominant sources of noise other 
than aircraft or road traffic noise (i.e. rail noise) were 
excluded from the study. 

Sociodemographic variables 

The RANCH study collected data on a large number of 
potential confounding factors. A confounding factor was 
retained in the analysis if there was a significant rela- 
tionship between the confounding factor and aircraft 
noise at school and/or road traffic noise at school (p < 
.05). Additionally all confounding factors (except main 
language spoken at home and parental support) were 
significantly correlated (p < .05) with at least one of the 
mental health outcomes. Potential confounding factors 
assessed were: country (United Kingdom (UK), Spain or 
the Netherlands); gender (male or female); age (mea- 
sured in days); employment status (highest employment 
status for household, coded into a dichotomous variable, 
employed or not employed); crowding at home (the 
number of people per room in the child's home, coded 
into a dichotomous variable, crowded or not crowded, 
according to the cut-off points for each country i.e. one 
and a half in the United Kingdom and Spain and one in 
the Netherlands); home ownership (whether the child's 
home is rented or owned/mortgaged); mother's educa- 
tional attainment (measured by using a relative inequal- 
ity index based on a ranked index of standard 
qualifications in each country [16]; long-standing illness 
(whether the child is reported by their main carer as 
having attention deficit hyperactivity disorder, asthma/ 
bronchitis, eczema, epilepsy, depression, diabetes, or 
dyslexia, coded into a dichotomous variable: has a long 
standing illness or no long standing illness); main lan- 
guage spoken at home (a dichotomous variable created 
to indicate whether the child spoke the predominant 
language for the country at home); parental support for 



school work (assessed by a self-report scale completed 
by the child) and classroom glazing type (a measure of 
the glazing of the windows in the child's classroom, sin- 
gle, double or triple). 

Analysis 

Data was analysed using MLwiN multilevel modelling 
software, where a random intercept model was used to 
take account of the hierarchical nature of the data, with 
pupils clustered in schools. Four models were run for 
each of the mental health outcomes; emotional symp- 
toms, conduct problems, hyperactivity and overall SDQ. 
Model 1 (unadjusted) contained early biological risk, air- 
craft and road traffic noise at school; model 2 (adjusted) 
was the same as Stansfeld et al. [12] and included air- 
craft and road traffic noise at school plus the potential 
confounding factors: country, gender, age, employment 
status, crowding at home, home ownership, mother's 
educational attainment, long-standing illness, main lan- 
guage spoken at home, parental support for school work 
and classroom glazing type. Model 3 was the same as 
model 2 but with the addition of early biological risk as 
a main effect. Model 4 further added an interaction 
term between noise exposure at school (either aircraft 
or road traffic noise) and early biological risk. Statistical 
significance was tested by comparing the goodness of fit 
of a model with, and without the variable, using a chi- 
square test of deviance. None of the models were 
affected significantly by the school level variance (level 2 
variance). 

Results 

Sample Characteristics 

11.5% of the sample were in the 'biological risk' category 
(no biological risk = 1704, biological risk = 196). Of 
those with biological risk 23.5% (n = 46) were prema- 
ture, 39.8% (n = 78) were born with a low birth weight 
and the remaining 36.7% (n = 72) were both premature 
and of a low birth weight. Table 1 illustrates the charac- 
teristics of the sample by early biological risk. From this 
we can see that there is a higher percentage of British 
and a lower percentage of Dutch among those with 
early biological risk. Further there are a higher percen- 
tage of females, and children with unemployed and non- 
home owning parents with early biological risk com- 
pared to the no early biological risk category. Classroom 
glazing also varied by early biological risk. 

In terms of mental health, 15.5% of the participants 
were cases on the emotional symptoms subscale (scoring 
5+), 14.5% on the conduct problems subscale (scoring 4 
+) and 16.5% on the hyperactivity subscale (scoring 7+). 
10.6% of the sample had a total SDQ score that was 
abnormal (scoring 18+). The main analyses used the 
continuous SDQ measures of mental health. 
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Table 1 Sample characteristics by early biological risk 





Not at risk 
n = 1 704 


At risk 
n = 196 


P* 


Country (%) 


UK 


40.3 


49.5 




Netherlands 


30.2 


22.4 




Spain 


29.6 


28.1 


.026 


Gender (%) 


Male 


48.2 


38.3 




Female 


51.8 


61.7 


.008 


Age in days 


Mean (SD) 


3844.5 (1 804) 


3858.8 (192.5) 


.298 


Employment status (%) 


Unemployed 


13.0 


20.9 




Employed 


87.0 


79.1 


.002 


Crowding at (%) 


Not crowded 


79.5 


83.7 




Crowded 


20.5 


16.3 


.169 


Home ownership (%) 


Not owned 


24.6 


31.6 




Owned 


75.4 


68.4 


.032 


Mother's educational achievement 


Mean (SD) 


0.49 (0.28) 


0.51 (0.30) 


.260 


Long-standing illness (%) 


No 


76.0 


73.0 




Yes 


24.0 


27.0 


.348 


Main language spoken at home (%) 


No 


8.7 


10.7 




Yes 


91.3 


89.3 


.345 


Parental support scale 


Mean (SD) 


1 0.0 (2.0) 


10.3 (1.8) 


.129 


Classroom glazing type (%) 


Single 


50.4 


55.6 




Double (or both single and 
double) 


46.4 


44.4 




Triple 


3.2 


0.0 


.024 



*p represents significance value for x 2 test or t-test depending on nature of data. 



Sociodemographic variables 

The pattern of sociodemographic status predictors was 
largely similar across models, thus only model 3 with 
total SDQ score as the outcome variable is presented in 
Table 2. Country was significantly associated with all 
the SDQ outcome measures, indicating that children in 
the UK and the Netherlands were reported to have bet- 
ter mental health than those in Spain. Males were 
reported to have significantly poorer mental health than 
females on the total SDQ measure, conduct problems 
and hyperactivity, but this finding was reversed for the 
emotional symptoms measure. Non-home ownership, 
longstanding illness, lower educational achievement of 



Table 2 Parameter estimates for sociodemographic status 
variables on the total SDQ score. 





B 


SE 


95% CI 


Fixed Coefficients 


Spain 


1.000 






United Kingdom 


-2.131 


0.392 


-2.899, -1 .363* 


Netherlands 


-3.595 


0.408 


-4.395, -2.795* 


Gender 


-0.875 


0.249 


-1.363, -0.387* 


Age 


-0.001 


0.001 


-0.003, 0.001 


Employment status 


0.430 


0.388 


-0.330, 1.190 


Crowding at home 


-0.437 


0.326 


-1.076, 0.202 


Home ownership 


1.736 


0.315 


1.119, 2.353* 


Mother's educational achievement 


2.400 


0.455 


1 .508, 3.292* 


Long-standing illness 


1.790 


0.290 


1.222, 2.358* 


Main language spoken at home 


-0.239 


0.460 


-1.141, 0.663 


Parental support for school work 


-0.306 


0.070 


-0.443, -0.169* 


Classroom glazing type 


0.334 


0.130 


0.079, 0.589* 


Random Parameters 


Level 2: school 


0.000 


0.000 




Level 1: pupil 


28.900 


0.938 





* p < .05; SE, standard error; CI, confidence interval; SDQ, Strengths and 
Difficulties Questionnaire. 



the child's mother, and lower parental support for 
school work were all significantly associated with all 
SDQ measures indicating poorer mental health for these 
children. Somewhat unexpectedly, living in a crowded 
home was associated with lower reported scores on the 
hyperactivity subscale, and high levels of classroom glaz- 
ing were associated with higher reported scores on the 
conduct problems subscale and the total SDQ score. 
Age, employment status and main language spoken at 
home were not significantly associated with any of the 
SDQ measures. We additionally examined whether 
length of time the child had attended the school altered 
the findings of our analyses but it did not, so this vari- 
able was not included in the final models. 

Effects of aircraft noise and road traffic noise at school 
on mental health 

Aircraft noise at school ranged from 30-77dB (A). There 
was a significant effect of aircraft noise at school on 
hyperactivity after adjustment for country, gender, age, 
employment status, crowding, home ownership, 
mother's educational attainment, long-standing illness, 
main language spoken at home, parental support for 
school work and classroom glazing type (Table 3: model 
2) (x 2 = 3.91, df=l,p< .05) which became borderline 
significant with further adjustment for early biological 
risk (Table 3: model 3) (x 2 = 3.72, df = 1, p = .054) 
(Table 3). Referring to model 3, this indicates a 0.01 
point rise in hyperactivity for every ldB (A) rise in 



Crombie et al. Environmental Health 201 1, 10:39 
http://www.ehjournal.net/content/1 0/1/39 



Page 5 of 8 



Table 3 Parameter estimates for aircraft and road traffic noise and early biological risk on all SDQ measures 







Model 1 (unadjusted) 






Model 2 (adjusted*) 






Model 3 (adjusted*) 








r» 
P 


SE 


CI 


P 


ft 

P 


SE 


CI 


p 


ft 

P 


SE 


CI 


P 


Overall bDQ 


Constant 


10.07 


1.56 


7.01, 1 3. 1 2 




14.21 


3.40 


7.54, 20.88 




14.96 


3.39 


8.31, 21.61 






Aircraft noise 


-0.02 


0.02 


-0.05, 0.02 


.35 


0.01 


0.01 


-0.02, 0.04 


.39 


0.01 


0.01 


-0.02, 0.04 


.51 




Road traffic noise 


0.00 


0.02 


-0.04, 0.05 


.84 


-0.02 


0.02 


-0.05, 0.01 


.27 


-0.02 


0.02 


-0.05, 0.01 


.21 




Early biological risk 


1 .81 


0.43 


0.97, 2.65 


.00 










1 .64 


0.41 


r\ n a ~i a r 

0.84, 2.45 


.00 


Emotional symptoms 


Constant 


2.28 


0.47 


1.36, 3.19 




3.59 


1 .32 


1 .00, 6.1 8 




3.82 


1 .32 


1 .24, 6.40 






Aircraft noise 


-0.00 


0.01 


-0.0 1, 0.0 1 


.9 1 


0.00 


0.01 


-0.01 , 0.01 


.34 


0.00 


0.01 


-0.01, o.oi 


.97 




Road traffic noise 


0.00 


0.01 


-0.01, 0.02 


.81 


0.00 


0.01 


-0.01 , o.oi 


.97 


-0.00 


0.01 


-0.01, 0.01 


.89 




Early biological risk 


U.D 


U. 1 o 


u.ju, u.y/ 


.00 










0.52 


n 1 ft 

U. I o 


U.Z I , U.OJ 


.00 


V„UI IUULL [Jl UUICl 1 lb 


1 nnctant 
V_UI IS Id [ 1 L 


2.57 


0.51 


1.57, 3.56 




2 27 


0.98 


0.35, 4.18 




2 45 


0.98 


0.54, 4.36 






Aircraft noise 


-0.02 


0.01 


-0.03, -0.00 


.01 


-0.01 


0.00 


-0.01, 0.00 


.23 


-0.01 


0.00 


-0.01, 0.00 


.17 




Road traffic noise 


-0.00 


0.01 


-0.01, 0.01 


.91 


-0.01 


0.01 


-0.02, -0.00 


.04 


-0.01 


0.01 


-0.02, -0.00 


.03 




Early biological risk 


0.43 


0.12 


0.19, 0.66 


.00 










0.40 


0.12 


0.17, 0.63 


.00 


Hyperactivity 


Constant 


3.46 


0.71 


2.08, 4.85 




5.95 


1.51 


2.99, 8.91 




6.02 


1.51 


3.06, 8.99 






Aircraft noise 


-0.01 


0.01 


-0.02, 0.01 


.56 


0.01 


0.01 


0.00, 0.02 


.05 


0.01 


0.01 


0.00, 0.02 


.05 




Road traffic noise 


0.01 


0.01 


-0.01, 0.03 


.30 


0.00 


0.01 


-0.01, 0.01 


.96 


-0.00 


0.01 


-0.01, 0.01 


.94 




Early biological risk 


0.17 


0.19 


-0.21, 0.54 


.39 










0.16 


0.18 


-0.20, 0.52 


.38 



* model adjusted for country, age, gender, employment status, crowding, home ownership, mother's educational achievement, long-standing illness, main 
language spoken at home, parental support for schoolwork and classroom glazing type; SE, standard error; CI, confidence interval; SDQ, strengths and difficulties 
questionnaire. 



aircraft noise at school. There were no significant asso- 
ciations between aircraft noise at school and overall 
SDQ, emotional symptoms and conduct problems, 
either before or after the addition of early biological risk 
(Table 3: models 2 and 3). An additional model for 
hyperactivity was run where children with ADHD were 
re-classified as having no long-standing illness, but this 
did not alter the pattern of results. 

Road traffic noise at school ranged from 32-71dB (A). 
There was a significant effect of road traffic noise at 
school on conduct problems after adjustment for coun- 
try, gender, age, employment status, crowding, home 
ownership, mother's educational attainment, long-stand- 
ing illness, main language spoken at home, parental sup- 
port for school work and classroom glazing type (Table 
3: model 2) (% 2 = 4.20, df = 1, p < .05) which remained 
after further adjustment for early biological risk (Table 
3: model 3) (j 2 = 4.74, df = 1, p < .05) (Table 3). Refer- 
ring to model 3, this revealed a 0.01 point decrease in 
conduct disorder for every one dB (A) increase in road 
traffic noise at school. There were no significant associa- 
tions between road traffic noise at school and overall 
SDQ, emotional symptoms and hyperactivity, either 
before or after the addition of early biological risk 
(Table 3: models 2 and 3). 

Effects of early biological risk on mental health 

For early biological risk, the pattern of results was the 
same in the unadjusted and adjusted models, thus 



parameters quoted are from the adjusted model (model 
3) (Table 3). A significant effect of biological risk was 
found for the total SDQ score (X 2 = 15.97, df = 1, p < 
.001) where those at risk score on average 1.641 more 
points than those not at risk. Similarly there was a sig- 
nificant association between early biological risk and 
emotional symptoms {j 2 = 10.88, df = 1, p < .001) with 
those at risk scoring on average 0.520 points more than 
those not at risk. There was also a significant association 
between early biological risk and conduct problems {% 2 
= 11.63, df = 1, p < .001) with those at risk scoring on 
average 0.402 points more than those not at risk. Finally 
there was no significant association between early biolo- 
gical risk and hyperactivity. 

Interaction between early biological risk and noise 
exposure 

Model 4 included an interaction term between early bio- 
logical risk and either aircraft or road traffic noise expo- 
sure at school. There were no significant interactions 
between early biological risk and aircraft noise at school 
for any of the outcomes: total SDQ {j 2 = 0.82, df = 1, p 
= .37), emotional symptoms (% 2 = 0.57, df = 1, p = .45), 
conduct problems {j 2 = 0.33, df = 1, p = .56), hyperac- 
tivity (x 2 = 0.74, df = 1, p = .39). Further there were 
also no significant interactions between early biological 
risk and road traffic noise at school for any of the out- 
comes: total SDQ (x 2 = 0.01, df= 1, p = .92), emotional 
symptoms (x 2 = 0.75, df = 1, p = .39), conduct problems 
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(X 2 = 1.22, df= l,p = .27), hyperactivity (% 2 = 0.33, df = 
1, p = .57). 

Discussion 

The present study explored the effect of early biological 
risk as a moderator of the association of noise exposure 
at school and mental health using data from the 
RANCH study. Contrary to our hypotheses, no interac- 
tion was found between either road traffic or aircraft 
noise at school and early biological risk for mental 
health outcomes. Nevertheless a main effect of early bio- 
logical risk on mental health was found. Further, results 
regarding noise exposure at school and mental health 
were similar to Stansfeld et al. [12] after adjustment for 
early biological risk as expected. 

The finding of no interaction between early biological 
risk and either aircraft or road traffic noise at school 
was unexpected as it does not support Lercher et al. 
[13] who found an interaction between early biological 
risk and ambient neighbourhood noise in children. 
Methodological variations between the two studies 
could account for the difference in findings, such as the 
noise source measured (aircraft noise and road traffic 
noise at school versus ambient neighbourhood noise 
which was predominantly rail and road noise); whether 
noise was estimated for the school or home environ- 
ment; the quality of the road exposure assessments, the 
measurement of mental health (parental report versus 
self report) and the measurement of early biological risk 
(parental report versus doctors' entry). Further, the find- 
ing of no interaction between aircraft noise at school 
and early biological risk could be explained by the tran- 
sient nature of aircraft noise compared to the steady 
state sound levels emitted by ambient neighbourhood 
noise. 

The finding of a main effect of early biological risk 
with mental health was of interest. Specifically, partici- 
pants at risk were rated by their parents as scoring 
higher on the total SDQ scale and the emotional symp- 
toms and conduct problems subscales, than participants 
not at risk. These findings support previous studies that 
have found increased rates of behavioural problems in 
low birth weight children and higher externalising and 
internalising symptoms in children who were born pre- 
maturely [17-19]. The main effect of early biological risk 
did not extend to hyperactivity which does not support 
previous studies that implicate low birth weight in atten- 
tion deficit hyperactivity disorder (ADHD) [17,19-21] 
and may be due to the SDQ not adequately capturing 
hyperactivity as defined in ADHD. Nevertheless, postu- 
lated mechanisms for how early biological risk might 
affect mental health in childhood include increased cell 
death from postnatal complications [19] or minor neu- 
rological abnormalities [22] but more research could be 



instructive. Despite a lack of understanding in this area, 
early detection of psychiatric problems can improve the 
effectiveness of treatment, thus, in the meantime, 
increased vigilance for children who may be vulnerable 
to psychiatric problems because of their early biological 
risk is warranted. 

In comparison with Stansfeld et al. [12] we found 
similar main effects of aircraft and road traffic noise on 
mental health after adjustment for early biological risk; 
hyperactivity increased with aircraft noise and conduct 
problems decreased with road traffic noise. The excep- 
tion was that after the addition of early biological risk, 
hyperactivity became borderline significant, rather than 
significantly related to aircraft noise at school. This is 
likely due to lower power in the current analyses 
because of the smaller sample used due to missing data 
with the inclusion of the early biological risk variable. It 
is thought that noise affects hyperactivity through arou- 
sal. According to the arousal theory, noise exposure 
changes arousal level, which may lead to raised physio- 
logical activity levels which might become manifest as 
psychological difficulties [10]. Such mechanisms are also 
generally conceptualized as fitting the stress-diathesis 
model, in which noise exposure increases arousal, and 
chronic exposure leads to chronic physiological changes 
and subsequent health effects. However, the finding of 
reduced conduct problems with increased road traffic 
noise was unexpected and is not consistent with this 
theory. Stansfeld et al. [12] suggest that this finding may 
be due to chance, or due to the difficulties in accurately 
measuring road traffic noise. 

The findings of this study must be considered care- 
fully. The cross-sectional nature of the design where 
selection was based on noise exposure at school and not 
birth weight/prematurity could have led to an unrepre- 
sentative sample, where those with prolonged noise 
exposure are noise 'survivors', and those that are less 
resilient have migrated away. The cross-sectional design 
also does not allow for assessment of potential timing 
effects of noise exposure. An individual's total noise 
exposure level is likely to vary beyond the school level 
measured in the current study, for example, individual 
daily road traffic noise exposure may vary according to 
residential road traffic noise exposure (such data was 
not available for the UK and Spain in the current sam- 
ple) or an individual's daily school noise exposure may 
differ due to classroom acoustics. Development of more 
accurate measures for individual noise exposure as well 
as longitudinal research would be beneficial for future 
noise research. 

Further limitations of this study include possible bias- 
ing introduced from the sample characteristic differ- 
ences between those with and without early biological 
risk and between those with and without missing data. 
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Conservative bias is expected from the latter, where 
those with missing data generally had lower socioeco- 
nomic status and thus higher rates of mental health pro- 
blems. In terms of the measures used, the parent-rated 
version of the SDQ may underreport internalising disor- 
ders [23], however, a self-report version is not available 
for this age group and may be less reliable [24], thus the 
parent-rated version represents the most appropriate 
measure under such circumstances. An additional tea- 
cher-rated SDQ would have improved the identification 
of externalising disorders but was not possible because 
of teacher burden [23,25]. The early biological risk vari- 
able combined information on gestation and birth 
weight preventing assessment of the individual contribu- 
tions of each variable, however such variables are likely 
to be highly related. Further, the early biological risk 
variable relied upon parental reports. Parents of children 
with early biological risk may be sensitised to perceive 
vulnerability in their children which could lead to 
increased reports of mental health problems for such 
children. Road traffic is a source of both noise pollution 
and air pollution which have both been linked to mental 
health outcomes [12,26]. This study did not adjust for 
the effects of air pollution which may act as a confoun- 
der or have a synergistic effect when coupled with noise 
[27]. Despite these limitations this study benefits from 
the fact that a range of noise levels were investigated 
and that the findings adjusted for multiple sociodemo- 
graphic status factors. 

Conclusions 

Data from the RANCH study suggests that children with 
early biological risk; that is those born prematurely or 
with a low birth weight, have a greater chance of devel- 
oping certain mental health outcomes but are not more 
vulnerable to the effects of aircraft and road traffic noise 
at school on mental health. This highlights the need to 
develop understanding of the pathways through which 
early biological risk might operate. The results must be 
considered carefully due to potential bias from the 
cross-sectional design used and sample characteristic 
differences between those with and without early biolo- 
gical risk. Nevertheless, this study tested a wide range of 
noise exposure levels and adjusted for many potential 
confounding factors. 
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